Abstract. In this work, using chemical reduction method, we synthesized silver particles with different sizes and morphologies by simply changing the proportion of the associative reducing agents. More specifically, when the reducing agent is ascorbic acid, the morphologies of silver particles are quasi-spherical shapes, the diameter size of silver nanoparticles was in the range from 200 nm to 300 nm. When the reducing agent is hydrogen peroxide, the morphologies of silver particles are irregular bulks, the diameter size of silver nanoparticles was in the range from 1 um to 2 um. When the volume ratio of ascorbic acid (0.09M) and hydrogen peroxide (0.98M) is 1: 1, the morphologies of silver particles are unique, they are coral clusters reunited by long silver nanoplates.
Introduction
In recent years, as one of the most precious metal powder, Silver particles is widely used in the electronics industry because of its excellent electrical conductivity, thermal conductivity, and chemical stability [1] [2] . The size and morphology of Ultra-fine silver particle directly affects the volume effect and surface effect and other characteristics, therefore, to prepare regular morphology, particle size uniformity, good dispersion of silver particles is particularly important.
Preparation of silver particles include electrochemical method, chemical reduction method [3] , spray decomposition method [4] , laser method, hydrothermal method, microemulsion method, polyols, chemical vapor deposition method, etc. [5] But these preparation methods require precise apparatus and relatively harsh conditions, it is not suitable for mass production. Liquid phase reduction method [6] [7] [8] because of simple equipment, easy operation, low cost, and energy-saving advantages has became the main method for preparing silver particles.
The reducing agents of liquid phase reduction method commonly include formaldehyde, hydrazine, glucose, sodium hypophosphite, ascorbic acid and hydrogen peroxide. During the manufacturing process, in order to prevent agglomeration of silver, it is normal to add to appropriate dispersing agents, such as gelatin, polyvinyl acetate (PVA), polyvinyl pyrrolidone (PVP), succinic acid (PAA), gum arabic, sodium citrate, and methyl cellulose, etc. Due to the steric hindrance of the macromolecule structure, the agglomeration of silver particles can not occur.
The author uses liquid-phase chemical reduction method, silver ammonia solution as raw material, polyvinylpyrrolidone (PVP) as a dispersing agent and protective agent, ascorbic acid and hydrogen peroxide according to a certain proportion of complex as a reducing agent to prepare ultra-fine silver controllably. At the same time, the growth and dispersion of gold particles in the mechanism of the reaction system were studied and found that by varying the ratio of ascorbic acid and hydrogen peroxide can be prepared by a unique morphology of silver nanoparticles.
Experimental Procedure
Silver nitrate (pure p.a.) were provided by Tianjin Damao Chemical Reagent Factory, ascorbic acid and hydrogen peroxide were purchased from Aldrich and used as the reducing agents, Polyvinyl pyrrolidone (PVP) were provided by Tianjin Damao Chemical Reagent Factory and used as stabilizers, Deionized water was used for the preparation of mixture solution.
Silver powder was obtained by reaction of silver nitrate with the mixture of hydrogen peroxide and ascorbic acid. Because of different proportions of mixture, Silver powder has different morphologies, different sizes and other different characteristics. Aqueous ammonia was employed to control pH value, the temperature was kept at 30 •C for 10 min to carry out the reaction, the mass of PVP having molecular weights of 10000 is 5% by the mass of silver nitrate in the reaction. Direct observation of the silver powder end termination was made by scanning electron microscopy (SEM), to reveal the shape of the particle, their diameter and size distribution. The crystal structure was characterized by X-ray diffraction.
Results and Discussion
In this experiment, in order to improve the conversion rate of the product, the molar ratio between AgNO 3 and Vc improves to 2: 1.25. Taking 
Particle Preparation and Characterization
Preparation of metal nanoparticles by chemical synthesis is divided into three stages 1) nucleation, 2) evolving into seeds from the nucleus, 3) seeds grow into nanoparticles. [9] [10] [11] seeds are the larger particles than nucleus. Once seeds generated, the basic structure of the nanoparticles is determined. In our reaction system, the reducing agents were the compound solution of ascorbic acid and hydrogen peroxide, the reducibility of Vc is moderate, H 2 O 2 is weaker, so the mixture of them actually controlled the seeding structure by Kinetics. Because of different proportions of the mixture, leading to different reaction rate with precursor, producing different kinds of crystal structure and finally producing different morphologies. When the reducing agent was all ascorbic acid, as shown in Figure 1 a, the morphologies of silver particles were spherical shapes , the diameter size of silver particles was in the range from 200 nm to 300 nm. When the volume ratio of Vc and H 2 O 2 was 3: 1, as shown in Figure 1 b, the morphologies of silver particles were quasi-spherical shapes, particles size between 100-300 nm. We can get a conclusion that adding H 2 O 2 became the shapes of particles irregular and the range of particle size more wider.
When the volume ratio of ascorbic acid and hydrogen peroxide is 1: 1, as shown in Figure 2 a, the morphologies of silver particles are unique, they are coral clusters reunited by long silver nanoplates. As shown in Figure 2 b, we can observe that the long silver nanoplates are not smooth, fully growing pimple-like bumps and shorter sheet in the above.
The forming of nano-crystal structure is mainly controlled by thermodynamics and dynamics, it is the result of a combination of both [12] . In dynamics, because the mixed reducing agents control the silver atoms production rates, seeds and nucleis can be closely stacked by these atoms, accompanied by the occurrence of Stacking fault phenomenon to generat sheet seeds. In terms of thermodynamics, use PVP as stabilizers in this experiment. PVP selectively adsorbed on {100} planes of silver species to prompt silver atoms deposited on the other planes, [13] it is the reason why long silver nanoplates are not smooth fully growing pimple-like bumps and shorter sheet in the above. On the other hand, because the force of combining to {100} planes of silver speciesis is not strong owing to the molecular weight of PVP is 10,000, and the shorter molecular chains of PVP MW = 10000 can not be completely wrapped in silver surfaces, a lot of seeds and formed crystals gather together leading to long sheet of silver nanoparticles reunited. 
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When the volume ratio of ascorbic acid and hydrogen peroxide is 1: 3, as shown in Figure 3 a, the morphologies of silver were not single, including spherical shapes, silver nanowires, and hexagonal block, the particle size has reached micron levels. When the reducing agent was all hydrogen peroxide, as shown in Figure 3 b, silver nanowires disappeared, almost are the irregular bulks, and the particle size became larger.
From Figure 4 , Silver powder prepared in 38.12°, 44.30°, 64.44° and 77.40° at the obvious diffraction peak corresponding to silver (111), ( 200), (220) and (311) planes, This shows that powders are elemental silver. And diffraction peaks are quite sharp, indicating a high degree of crystallinity of the silver powder. 
Summary
In this work, using chemical reduction method, PVP as a dispersing agent, under alkaline conditions, we synthesized silver particles with different sizes and morphologies by simply changing the proportion of the associative reducing agents. Through experiments, we found that when the reducing agent is ascorbic acid, the morphologies of silver particles are quasi-spherical shapes, the diameter size of silver nanoparticles was in the range from 200 nm to 300 nm. When the reducing agent is hydrogen peroxide, the morphologies of silver particles are irregular bulks, the diameter size of silver nanoparticles was in the range from 1 um to 2 um. When the volume ratio of ascorbic acid (0.09M) and hydrogen peroxide (0.98M) is 1: 1, the morphologies of silver particles are unique, they are coral clusters reunited by long silver nanoplates.
